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RECENT ADVANCES IN THE TREATMENT OF MYOCARì)IAL INFARCTION 
'Myocardial infarction is the result of atherosclerosis of the 
coronary arteries, and currently there is no cure for atherosclerosis 
and little hope of retarding its progression. However, much work has 
gone into the reduction of its acute cardiac manifestations as there 
is no specific therapy for acute myocardial infarction. 
Diseases of the coronary arteries are responsible for about 305'0 
of all deaths anion; middle -aged men and it is increasing, the increase 
involving t['ose under 45 years at a faster rate than in the older sec- 
tions of the population. 
A study in the USA, the Framingham study has showm thatmore than 
half of those who die from acute myocardial infarction do so within 
one hour, and only just over half of those with an initial attack of 
acute infarction are admitted to hospital, This high frequency of 
sudden death emphasises the importance of preventing the development 
of ischaemic heart disease. 
It would perhaps be appropriate to discuss here the factors in- 
volved in determining the severity of infarction and hence the prognosis 
of the patient. 
Important factors covering the immediate prognosis(1 -4 weeks) are 
age, sex:, previous history, the degree and severity of shock, the pre- 
sence and severity of heart failure, cardiac rhythm, and hhe nature and 
extent of the e.c.g. changes. 
The mortality in men rises with each quinquennium from 40 to 65, 
the mortality over 65 being double that in 60 -to 64 group, and treble 
that in the 55 to 59 quinquennium. The total number of women in relation 
to men is small, particularly in the younger akle groups, women under 65 
having higher mortality than males under 65, but the rise in mortality 
is less steep so that at ames of 65 or over the rates are approximately 
the same for both sexes. 
Factors in the previous history to be considered are a)previous 
cardiac infarction, b)argina without other abnormal cardiovascular 
findings, c) other cardiovascular including hypertension, peripheral 
vascular disease, cerebro- vascular disease, cor pulmonale, valvular 
disease and arrhythmias, and d) exertional dyspnoea. The mortality 
is 18% in those with first attack, compard to 30'% in those with second 
attack. Opinions differ as to the prognostic effect of angina. Mortality 
rates are affected with cardiac hypertrophy and the presence of hyper- 
tension. It has been suggested that a history of exertional dyspnoea 
has an adverse effect on mortality rates from myocardial infarction. 
It is generally agreed that shock is one of the most important 
factorsinfluencing mortality in this condition. Shock may be divided 
into four grades: a) no shock, b) mild and transient shock where the 
shock develops at or soon after the onset of the attack and it is 
manifest by transient pallor, faintness, sweating, nausea or vomiting 
subsiding within 15 -30 minutes, c) moderate shock where the signs of 
shock are still present on examination but subside with rest and seda- 
tion, and d) severe shock where the shock persists despite rest and 
sedation. The mortality is 12% in those with no shock as compared 
to 33% in those with shock. In the mildly shocked group there is no 
increase in the overall mortality, but this group is associated with 
unexpected deaths. Mortality in the moderately shocked group is 38 %, 
and those with severe shock carry a grave prognosis with an 83% mor- 
tality. 
Signs of cardiac failure in infarction area associated with a 
high mortality, tis applies to congestive cardiac failure as well as 
left ventricular failure. The mortality in those with failure is 43% 
compared to 10% in those with no failure 
Mortality rates are increased in the presence of arrhythmias 
with the possible exception of extrasystoles. Atrial fibrillation. is 
classed with atrial flutter and ventricular tachycardia as a sign of 
extensive infarction. Heart block when partial is not unfavourable, 
but when complete it is a bad prognostic sign. Persistent sinus tachy- 
cardia is also fo grave prognostic significance. 
The factors considered above may be awarded marks soforming a 
prognostic indexwhose value may lie anywhere between 1 and 28. This 
numerical method allows one to assess the severity and im:edizte prog- 
nosis in those with infarction. In patients who survive the acute 
stage of the illness the index assessed in the early stage gives a 
good indication of the average survival time, and for each index 
range there is a standard mortality: 3% in the 1 -8 range, 1>.% in 
9 -12, 24% in 13 -1G, 54% in 17 -20, and 88% in the 20+ range. 
This index also takes into account the differences in composition 
of patients falling into individual index ranges, so that conclusios 
regarding the efficacy of some particular form of treatment can be 
drawn, and a valid comparison between any two groups of cases can be 
made. The survival rate att the end of the first year diminishes as 
the index increases. 
As stater" above shock is an important factor in myocardial infarc- 
tion, in particular severe or "cardiogenic shock ", which is characterised 
by a systolic pressure remaining below 80mm.11g., associated with pallor, 
cyanosis, sweating, a cold skin and oliguria. 
The primary effect in cardiogenic shock is the impairment of the 
heart as a pump: there is an absence of the reflex increase of systemic 
vascular resistance of sufficient magnitude to compensate for the severe 
reduction in cardiac output and to maintain the blood pressure. :`actors 
thought to be inv®lved in the impairment of this reflex are severe 
acidosis and hypoxia, or injury to the myocardium being responsible for 
the lack of vasoconstriction by neurogenic or humoral influences. The 
metabolic acidosis may cause direct depression of myocardial function 
and diminished pressor response to adrenaline and.noradrenaline. Both 
effects may be reversed by correction of the acidosis by sodium bicar- 
bonate. 
There is a severe degree of arterial hypoxaemia in this group of 
patients. In one study it was found that the administration of oxygen 
in high concentration failed to cause striking increase in the arterial 
blood oxygen tension. This variability in the circulatory response to 
oxygen in the presence of cardiogenic shock was thought to be due to 
shunting of about 25% of the cardiac output through vessels inaccessible 
to pulmonary gaseous exchange. 
If arterial hypoxia and acidosis in cardiogenic shock are respon- 
sible for the diminished sensitivity of both heart at-d peripheral cir- 
culationto sympathetic outflow and the increased levels of circulating 
cathechol amines, the adequate correction of these factors might be 
of use in reducing mortality. The correction of the acidosis involves 
careful titration of required amount of buffering solution against 
serial acid -base determinations in these patients. The value of cm- 
tinuous monitoring is indicated here. Adequate correction of arteral 
hypoxaemia. is a more difficult problem. If the cause of the relative 
unresponsivenes . z to high oxygen levels could be determined, tissue 
hypoxia could be improved and metabolic acidosis avoided. Some autho- 
rities may resort to the use of hyperbaric oxygen. 
In cardiogenic shock the cardiac output and venous ¡return are 
reduced, tite arterial pressure is low and the peripheral resistance is 
high owing to the vasoconstriction. Work done by iJoch et al gave some 
information as to whether lives could be saved iv cardiac shock by 
treatment aimed at increasing the peripheral blood flow. Encouraging 
results were obtained with the use of phenoxybenzamine, an anti -adre- 
MN- 
nergic vasodilator, and low molecular weight dextrans(LìWDs). 
Phenoxybenzamine is a long acting blocking agent which selectively 
blocks the excitatory response of smooth muscle ad exocrine glands to 
adrenaline ad roradrenaline, leaving intact the inhibitory response of 
smooth muscle and myocardium to adrenaline and related agents. It is 
known to act specifically on the alpha -adrenergic cells in a non- 
competitive manner decreasing or abolishing the receptiveness to sym- 
pathomimetic stimulus. 
LiüWD reduces blood viscosity and increases the effective circu- 
lating blood volume. In a state of myocardial failure in which micro - 
circulatory perfusion is reduced, the viscosity of the blood is pre- 
ponderantly determined by the aggregability of the formed elements 
and to a lesser extent by the properties of the plasma. Theories on 
its action are a) that it decreases viscosity of slowly flowing or 
suspended elementsin blood by coating the blood cells with an enhanced 
electronegatve charge so increasing their mutual repulsion,aad b) that 
the antiviscous effect may be attributed to physical protection by 
coating the cells with a dextran film. 1Jhen these solutions are 
infused the effective circulating blood volume is increased nok only 
by the volume of the added fluid but by a secondary volume of extra - 
cellular fluid drawn into the intravascular space to maintain iso- 
osmolarity. 
The benefit of bot7. phenoxybenzamine and LMWD can thus be ascribed 
to increased peripheral perfusion, the former acting on constricted 
vessels and the latter on the blood. 
At present trials are in progress to determine the use of the 
drug propranolol. The actions of the drug are to reduce the cardiac 
output and ventricular contractility, to produce a more economical 
use of oxygen and it is effective in suppressing and correcting certain 
arrhthmias. 
propranolol produces beta- adrenergic blockade which incraeses 
exercise tolerance a) by inhibiting tachycardia so allowing a longer 
diastole and a greater coronary blood flow, and b) it reduces contrac- 
tility and therefore allows a more efficient utilization of the oxygen 
available. Sympathetic stimulation increases myocardial contractility 
and oxygen consumption, while reduction of sympathetic drive by beta - 
blockage reduces these factors. 
As mentioned above propranolol also inhibits some arrhthmias and 
slows the rate or shortens the duration of others. Part of this effect 
may be attributable to beta- adrenergic blockade, but in addition it 
almost certainly has anti -arrhthmic action which is independent ofì 
its ability to ihhibit beta- receptors. 
Those conditions in which beta -blockade is found to be effective 
include atrial fibrillation, atrial flutter, ventricular tachycardia, 
ventricular premature beats and ventricular fibrillation. The potentiak 
importance of such an effect can be judged from the recent findings of 
Julian et al who found by continuous monitoring that some disturbance 
of rhythm occurred in 95% of patients in the acute stage of myocardial 
infarction. 
The effectiveness of the drug in controlling or inhibitinc these 
arrythmias cannot be established without continuous e.c.g. monitoring 
of treated and control groups of patients. 
In recent years external electrical defibrillation has been 
developed. The incidence of ventricular fibrillation is 70% in myocar- 
dial infarction. There are two methods of defibrillation; by the use 
of drugs or by electrical means. The latter has superseeded the former 
due to its superiority in the management of fibrillation. 
The basic principle is the simultaneous depolarization of all 
fibres of heart muscle, so that they are all in the refractory period 
at the same time and hence in a condition suitable for the normal beat 
to commence. Depolarization is produced by passing a large current 
through the heart for a short time. Two types of current may be used, 
either alternating or direct current. Alternating current was the 
first type to be used, but direct current has ben found to be more 
effective in stopping ventricular fibrillation, and to do less damage 
to the haert. 
Various methods of cardiac pacing have been developed, the four 
main types being: a)epicardial elctrodes with an external pacemaker, 
b) intracardiac electrodes with an external pacemaker, c) epicardial 
electrodes with an implanted pacemaker, and d) intracardiac electrdes 
with an implanted pacemaker. The method used will depend on the 
case under consideration. Complications seem to be either of infection 
tracking along the electrode leads, or of a psychological nature, par- 
ticularly where external leads are used and the patient is constantly 
being reminded of his precariuos condition. 
After complete occlusion of a coronary artery the resting 
diastolic polarization of the myocardial fibres in the area supplied 
by the occludedlvessel is reduced. The degree of diastolic polarization 
varies in the different zones of the infarcted area and determines 
whether the zone is completelyunexcitable(dead zone), or is activated 
with a delay (injury zone), or represents only alterations on its 
recovery or repolarization (ischaemic zone). The dead zone is identified 
electrocardiographically by n waves or 'S complexes, the injury zone 
by displacements of the RS-T segments and the ischaemic zone by T 
wave inversion. 
All diferemces of membrane potential have their source in the 
uneven distribution of organic ions on the two sides of the membrane. 
The concentration of K inside the fibre (Ki ) is about thirty 
times higher than that outside the fibre (Ko ). The concentration of 
other ions in the extracellilar fluid exerts little or no effect on 
the transmembrane potential. 
In infarction there is a decrease in the Ki /Ko gradient because 
of a decreased Ki , and it was thought that a physiologic approach 
to treatment might modify the altered gradient by forcing )(the potassium 
into the fibres. It was abo thought that the energetic mechanism 
underlying potassium movements across the membrane could be improved. 
Such a response can be obtained through -)a combined administration 
of potassium, glucose and insulin. 
Study off this treatment on the e.c.g. changes in myocardial 
infarction showed that the e.c.g. signs were modified. It was also 
observed that there was an absence or prompt disappearance of arrhth- 
¡nias, a sense of well -being by the patient and the relief of their 
pain. 
The mechanism of action of potassium, glucose and insulin treat- 
ment is thought to be as follows. Insulin decreases the serum potassium 
concentration by increasing the potassium uptake by liver, skeletal 
nad cardiac muscles, and accelerates tie transport of glucose across 
the cell membrane. By increasing: the intracellular accumulation of 
glucose and potassium the proce5,s of oxidative phophoryL_tion add 
a 
transfer of high energy phosphate is enhanced.Intravenous adminis- 
tration of potassium results in storage mainly bg the heart, and 
through the effect of insulin the intracellular potassium in the heart 
is increased. 
The above experimental advances in the management of infarction 
redire more observation in units which are specially equipped and 
where intensive care of the patients can be undertaken. 
The concept of special care units for patients wi th acute 
myocardial infarction first arose from the recognition, that 6O';ß of 
deaths in these pntientss occur in the first week. Sudden deaths from _ a i .nrntBt ore common in this period. With the development of 
external cardiac massage, external electrical defibrillation and 
external electrical pacing continuous electrocardiographic monitoring 
was developed with a view to the immediate detection and correction 
of ventricular fibrillation and asystole. This monitoring has also 
led to the conclusion that abnormalities of conduction and gexcitation 
occur in 90 -95% of patients with infarction. 
At present there are ¡relatively few coronary care units, but 
in those that have been operatinLit is thought that with special staff 
and equipment these units should ¡result in reduction of mortality 
through immediate effective resuscitation of patients following cardiac 
arrest, through the rapid conversion of arrhthmiar to normal rhythm, 
possibly through the earlier control of hypotension, cardiac failure 
and cardiogenic shock ad perhaps their prevention. 
Proper sta.ffini of a unit entails a sister being on duty at 
all times with a roster of medical staff on call. Equipment consists 
of respirator and resuscitator connected to a face mask i to deliver 
oxygen from piped wall supply, a defibrillator and external/internal 
pacemaker. All drugs likely to be required for cardiac emergencies 
should be kept in the unit, and facilities for tracheal intubation 
and tracheostomy should be available. 
The patient is connected by chest electrodes to an e.c.g. 
recorder, cathode -ray oscilloscope, heart rate meterand a rate activated 
alarm. An automatic recorder may be activated wheh a predetermined 
variation in heart rate persists for more than,for example, H seconds. 
Important in determining the outcome of a patient -acrd -t e 
severityof the infarct as judged by the haemodynamici effects of 
the infarct. There is a natural tendency to admit to these units 
the patients who are most severely it after the infarct, but results 
of one study suggest that monitoring with a view to the detection and 
correction of cardiac arrest should be preferred for patients with 
the least circulatory embarassment. A lot of controversy over these 
units centres around the methods of selection of patients . 
Ventricular fibrillation tends to be the cause of cardiac 
arrest in the milder cases, asystole occurring in the more severely 
ill patients with cardiac failure and cardiogenic shock. Asystole 
complicating !myocardial infarction is thought to be of more grave 
prognostic significance than is ventricullar fibrillation. Recurrent 
ventricullar fibrillation is likely to occur in previouslyresuscitated 
patients if the ¡infarct is seve¡re, and studies have shown that 
propranolol may be of better use than procainacnide and quinidine. 
Recurrence of asystole in patients with complete atrioventricular 
block or following resuscitation from an initial episode is also 
frequent, and here internal catheter electrode pacing appears to 
have a place. 
Several studies have therefore shown that coronary care units 
are important factors in reducing mortality from myocardial infa rction. 
It is considered that all patients with an infarct should be admitted 
to the unit for the first fouf to five days, and that in patients 
with cardiac failure and seriuos arrhythmias continued special care 
is required for two to three weeks from the onset of the infarct to 
reduce later deaths. 
Because of the frequency of sudden but not irreversible collapse 
of the circulatory system ,for example, from myocardial infarction 
there have been numerous attepts to substitute the heart temporarily. 
These methods include cardiopulmonary bypass, left heart bypass, 
venoarterial pumping and aortic counternulsation. 
Cardiopulmonary bypass involves the removal of inferior caval 
blood, its oxygenation and its return to the right brachial artery. 
However, disadvantages were found including petechial haemorrhages 
in the area perfused by the returneíi blood, and the development of 
haematuria and severe renal damage, and the question was raised as 
to whether this form of bypass reduced t ?.e work of the left ventrical. 
The appreciation both of the deleteriuos effects and the high 
mortality of prolonged use of the oxygenator and doubt about the re- 
duction of the left heart work led to the study of the possibility 
of left heart bypass without thoracotomy, and the effectiveness of 
this method od reducing the metabolic work of the left ventricle. 
In this method a cannula is placed from left atrium to main pulmonary 
artery, and it is believed that shortening of the end- diastolic fibre 
lenghth is the factorwhich permits a reduction of oxygen utilization. 
The question has been raised as to whether manipulation increases 
the risk of the development of any arrythmia, but these two methods 
of cardiopulmonary and left heart bypass appear to give protection 
against the development of ventricular fibrillation. 
In another method, that of veno- arterial pumping,the aim was to 
increase the systemic pressure and decrease the work of the haert,by 
sucking the blood from the veins and pumping it into the arteries 
without oxygenation. This method is simple but has the obviuos dis- 
advantage of reducing the saturation of arterial blood. 
Aortic counter pulsation is a method of assisting the circulation 
by reducing the pressure against which the left ventricle contracts 
while increasing the coronary blood flow. It is accoplished by cannu- 
lating a major artery and aspirating arterial blood into a pump during 
systole, thus reducing the pressure generated by the left ventricle 
and so its work. The return of this volume of blood during diastole 
resultsin an ,elevated diastolic perfusion pressure ad an augmented 
coronary blood flow. No physiological or pathological changes appear 
to be produced when the pump and cardiac systoles are properly phased. 
These surgical methods of management of myocardial infarction 
are still in their early experimental stages, and it may be that the 
answer will lie in total heart replacement of which studies are also 
beink made. 
As to the preventive aspect of myocardial infarction, coronary 
angiography and the study of the aetiology and possible prevention 
of the development of atherosclerosis may be mentioned. 
Variuos methods of coronary angiography have been devised, 
in particular by cannulation of the coronary ostea themselves. This, 
however, offers little aid to the diagnosis of ischaemic heart disease 
that cannot be obtained from history -taking and e.c.g., but it may 
have a place when atypical pain makes diagnosis difficult. Selective 
angiography is essential before direct operation on the coronary 
arteries, but few patients with ischaemic heart disease have a pattern 
of coronary atheroma sufficiently confined tp permit endarterectomy 
or grafting. The part played by coronary angiography plays in the 
possible treatment of myocardial infarction is small, but it does 
play a part in the research on myocardial blood flow. 
Atherosclerosis begins in childhood and progresses with age. 
Whether coronary atheroma will lead to ischaemic heart disease is 
determined by many factors: a) the degree and the site of arterial 
disease, b) the occurrence and extent of thrombotic occlusion of the 
arterial lumen, c) the adequacy of the coronary anastamotic circulation, 
d) the myocardial demands, and e) the anatomical distribution of the 
coronary arteries. 
Prevention depends on the effectiveness with which the causal 
factors can be contrilled. Nothing can be done about the anatomy, and 
permanent reduction of myocardial demands below a ce tain threshold 
is impossible and undesirable. The prevention of coronary atherosclerosis 
and thrombosis and the improvementof coronary anastamosis may be thought 
of as one, as the degree of development of one is closely related to 
the other. 
The identification of those in the population who are most 
at risk is important for effective prevention. Surveys done show 
that apparently healthy individuals with the following characteristics 
or habits have a greater incidence of ischaemis heart diseases hyper - 
lipidaemic states, hypertension, cigarette smoking, physical inactivity, 
and premature cessation of ovarian activity. 
Potentially important influences include diabetes, psychogenic 
stress, a rapid gain of weight and a thrombotic tendency. 
Ischaemic heart disaese is likely to result' from an interplay 
of multiple related factors than from one factor. 
iypercholesterolaemia is one of the most important risk 
factors, probably present in about 20% of the population. Raised serum 
triglycerides are probably as important as high cholesterol levels. 
Recent advances in drugs, for example, clofibrate (AtromidS) 
and in dietetics have made it possible to lower the level of serum 
lipids in most patients. One study has shown thatthat in patients with 
hypercholesterolaemia and ischaemic haert disease the fibrinolytic 
activity of venous blood is much lower than in the healthy controls, and 
that there is a close inverse relationship between the level of this 
activity and of serum cholesterol . In this study the cholesterol level 
was lowewrd by treatment with Atromid and the fibrinolytic activity was 
correspondingly enhanced by it. Another study shows that the fibrinolytic 
activity of patient., with ischaemic heart disaese and normal choles- 
terol levels is within the same range as that of a healthy group of 
controls. No relation between this activity and levels of serum choles- 
terol was found. It was thought that these results, if one accepts 
that decreased /',X fibrinolytic activity plays a part in the pathogenesis 
of atherosclerosis, may imply that the aetiological factors in the 
production of atherosclerosis are different in patients with hyper - 
cholesterolaemia from what they are in thoes with normal blood choles- 
terol levels. 
Only large scale long -term studies in those who are asymptomatic 
will indicate the possible value of Atrmid in the prevention of 
ischaemic heart disease ,in particular of myocardial infarction, and 
these are in progress. 
It can be seen that recent advances in the diagnosis aid in the 
medical and surgical treatment of myocardial infarction have over- 
shadowed the preventive approach of the disease, and there can be no 
doubt that here lies the ultimate answer to the problem. 
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